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Introduction
The Release-16 NR V2X specifications were approved in Dec. 2019 [1]. The remaining tasks for NR V2X were identified in [2], where some of these tasks were discussed in last RAN1 meetings [3], [4]. 

In this contribution, we discuss the details on some of the identified remaining tasks, including sidelink TBS determination, resource pool configuration, initialization of the scrambling sequence generators for first stage SCI, second stage SCI and data transmitted on PSSCH, as well as second stage SCI formats.  
Discussion
Sidelink TBS Determination 
It was agreed [3] that for sidelink TBS determination, the procedure steps 2), 3) and 4) in Section 5.1.3.2 of TS38.214 are reused. The only remaining issue is how to calculate the number of resource elements  for sidelink data. It was further agreed [4] that 

	Agreements:
For 2nd SCI overhead in the TBS determination, the actual number of REs occupied by the 2nd SCI is used.
Agreements:
· For PSFCH overhead in the TBS determination, use the number of PSFCH symbols indicated by SCI.  
· For PSSCH DMRS overhead in the TBS determination, the reference number of REs occupied by PSSCH DMRS is used, where the reference number of REs is the average number of DMRS REs among (pre-)configured patterns.
· For CSI-RS and PT-RS overheads in the TBS determination, a new higher layer parameter, e.g., sl-xOverhead, is introduced per resource pool.



In the following, we discuss the overhead calculation of PSFCH, PSSCH DMRS and second stage SCI, respectively.  

1. PSFCH (including GP symbol before PSFCH)
In a resource pool (pre)configuration, the PSFCH periodicity is either of 0, 1, 2 and 4 slots. For the case of PSFCH periodicity being 0 slot, there is no PSFCH resource configured and hence no PSFCH overhead should be counted in the sidelink TBS calculation. For the case of PSFCH periodicity being 1 slot, PSFCH resources exist in every sidelink slot. Here, the number of PSFCH symbols is counted as 3 in the overhead calculation, including a GP symbol before PSFCH and 2 PSFCH symbols. Overall, we do not need to indicate the number of PSFCH symbols in SCI for these two cases. Hence, we have the following proposal. 

Proposal 1: If resource pool (pre)configured PSFCH periodicity is 0 or 1 slot, then the number of PSFCH symbols () is equal to 0 or 3 symbols for sidelink TBS calculation, and the number of PSFCH symbols is not indicated in SCI. 

For the case of PSFCH periodicity being 2 or 4 slots, PSFCH resources may or may not exist in a sidelink slot. It is possible that an initial transmission occurs in a slot with PSFCH resources while retransmission(s) occur in a slot without PSFCH resources, or vice versa. To align the TBS calculation between initial transmission and retransmission(s), we agreed that SCI is used to indicate the number of PSFCH symbols for TBS calculation. 

In our view, the indicator of the number of PSFCH symbols should be contained in first stage SCI, since this information is used to derive the actual number of REs of second stage SCI (see our descriptions on second stage SCI overhead below). To restrict the payload size of first stage SCI, we prefer to allocate a single bit for the PSFCH symbol number indicator. This bit is to indicate one of two (pre)configured PSFCH symbol numbers used for sidelink TBS determination. The candidate PSFCH symbol numbers include {0, 1, 2, 3}. 

Proposal 2: If resource pool (pre)configured PSFCH periodicity is 2 or 4 slots, then the number of PSFCH symbols () is indicated in first stage SCI. One-bit field in first stage SCI is used to indicate two (pre)configured PSFCH symbol numbers, where the set of supported numbers is {0,1,2,3}.

2. PSSCH DMRS
It was agreed that the reference number of PSSCH DMRS REs is used for the sidelink TBS determination, where the details are still open. 

Depending on PSSCH DMRS time-domain locations (cf. Table 8.4.1.2.2-1 in [5]), PSSCH DMRS may or may not be FDM-ed with PSCCH, which affects the calculation of PSSCH DMRS overhead. 
Furthermore, PSSCH DMRS time-domain locations are related to second stage SCI overhead calculation. Hence, it is preferred to define the reference PSSCH DMRS time-domain locations. 

In our view, the reference PSSCH DMRS time-domain locations can be derived using Table 8.4.1.2.2-1 in [5], based on reference number of PSSCH symbols  and reference number of PSSCH DMRS symbols . The reference number of PSSCH symbols  is equal to the total number of sidelink symbols in a slot (excluding GP symbol) minus the number of PSFCH symbols , derived from the above Proposals. The reference number of PSSCH DMRS symbols is (pre)configured per resource pool. Note that the reference PSSCH DMRS time-domain locations are remained identical among (re)transmissions. 

The reference PSSCH DMRS time-domain locations, together with the scheduled number of PSSCH sub-channels which is identical among (re)transmissions, are used to calculate the reference number of PSSCH DMRS REs. 
 
Proposal 3: The calculation of reference number of PSSCH DMRS REs is based on the scheduled number of PSSCH sub-channels and a reference PSSCH DMRS time-domain locations, where the reference PSSCH DMRS time-domain locations is obtained using Table 8.4.1.2.2-1 in TS38.211, based on a reference number of PSSCH symbols  and a reference number of PSSCH DMRS symbols :
· is (pre)configured per resource pool;
·  is equal to the number of sidelink symbols in a slot (excluding GP symbol) minus the (pre)configured or indicated number of PSFCH symbols .

3. Second stage SCI
The formula to calculate the number of coded modulation symbols per layer for second stage SCI is working assumption in [6]. This formula depends on sidelink TBS. If the same formula is used to calculate the second stage SCI overhead for sidelink TBS, then there is a cyclic dependency between TBS calculation and the calculation of number of REs for second stage SCI. 

We propose to modify the existing formula of calculating second stage SCI overhead, which does not rely on sidelink TBS. Specifically,
,
where  is the payload size of a second stage SCI format, which is indicated by the first stage SCI,  is the CRC length of second stage SCI,  is the target coding rate indicated by the first stage SCI,  is the number of allowed second stage SCI symbols,  is the number of REs that can be used for transmission of the second stage SCI on the -th symbol, and  is the scaling factor (pre)configured per resource pool. 

To ensure the same second stage SCI overhead is derived from a different (re)transmission, it is preferred that second stage SCI payload size , target coding rate R, and beta offset , as indicated by the first stage SCI, do not change among (re)transmissions. If second stage SCI format does not change among (re)transmissions, to support the mixed blind and feedback-based retransmissions, second stage SCI format A needs to support the indication of HARQ disable (cf. [7]).

The number of allowed symbols for second stage SCI  depends on the number of PSFCH symbols , configured or indicated as in Proposals 1 and 2. Specifically, it is equal to the reference number of PSSCH symbols  in Proposal 3. The number of allowed REs for second stage SCI in the l-th symbol  is also derived by excluding PSSCH DMRS REs.

Proposal 4: The number of REs occupied by second stage SCI is given by , where 
· the second stage SCI payload size , target coding rate R, and the beta offset , indicated by first stage SCI, do not change among (re)transmissions;
· the number of allowed second stage SCI symbols  is equal to the reference number of PSSCH symbols .

Resource Pool Configuration
It is agreed [3] that slots for a resource pool is (pre)configured with bitmap, which is applied with periodicity. The bitmap length and the periodicity have not been determined. In our view, the periodicity can be set as 10240 ms, as in LTE V2X. This is aligned with SFN cycle. 

Proposal 5: For time domain resources of a resource pool, the periodicity is 10240 ms.

It is working assumption [3] that a resource pool is allowed to be configured with all PRBs in a sidelink BWP. This leads to the possibility of the number of PRBs of a resource pool not being a multiple of sub-channel size. It is open how to deal with the remaining PRBs under this condition. 

It is preferred that all the sub-channels of a resource pool should have the same size. This simplifies sidelink measurement (e.g., sidelink RSRP and RSSI), resource allocation procedure, as well as TBS determination. There is no impact on existing RRC parameters. On the other hand, not using the remaining PRBs of a resource pool decreases the spectrum utilization efficiency, detracting cellular V2X technologies. 

One compromise solution is to combine the remaining PRBs of a resource pool with the last sub-channel, but without changing 1). sub-channel size (i.e., a single sub-channel size is configured regardless of the last sub-channel size); 2). number of sub-channels (i.e., ; 3). TBS determination (assuming the single sub-channel size); 4). sidelink measurement (i.e., no measurement on the remaining PRBs for the last sub-channels); 5). no specific resource allocation handling on the last sub-channel, which is larger than other sub-channels. Furthermore, the remaining PRBs are used to transmit additional sidelink data via rate matching. 

Proposal 6: If the configured PRBs for resource pool is not an integer multiple of sub-channel size, then the remaining PRBs are combined with the last sub-channel, without changing the RRC configured sub-channel size, number of sub-channels, TBS determination, sidelink measurement and existing resource allocation schemes. The remaining PRBs are used to transmit additional sidelink data via rate matching. 

Initialization of Scrambling Sequences
In LTE V2X, the scrambling sequence for PSCCH is a gold sequence with initialization value being a constant 510. This constant value ensures every receiver UE could decode PSCCH. This is because LTE V2X supports sidelink broadcast and the resource reservation information in PSCCH needs to be decoded by all Mode 4 UEs for their resource allocation operations. 

In NR V2X, the resource reservation information is contained in first stage SCI, which is carried on PSCCH. Since this information is needed for all Mode 2 UEs’ resource allocation operations, PSCCH needs to be decodable by all UEs. Hence, like in LTE V2X, a constant initialization value should be used for the PSCCH scrambling sequence generator.

Proposal 7: The scrambling sequence for first stage SCI is a gold sequence with a constant initialization value.

It was agreed [7] that separate scrambling is applied on second stage SCI and PSSCH. Similar to the scrambling sequence of PSCCH, the scrambling sequence of second stage SCI is a gold sequence. The initialization value of the gold sequence is based on PSCCH CRC. This design facilitates early termination of second stage SCI polar decoding in case of mis-detection of PSCCH. Specifically, the initialization value is set as , where  is a constant with value equal to PSCCH scrambling sequence initialization value, and  is the 16 LSB of PSCCH CRC. 

Proposal 8: The scrambling sequence for second stage SCI is a gold sequence with initialization value depending on PSCCH CRC. Specifically, , where  is a constant with value equal to PSCCH scrambling sequence initialization value, and  is the 16 LSB of PSCCH CRC.

Furthermore, the scrambling sequence of PSSCH data is also a gold sequence with initialization value depending on both first stage SCI CRC and second stage SCI CRC. Note that part of PSSCH data decoding information is contained in second stage SCI (e.g., source ID, destination ID, HARQ process number, etc). The misdetection of second stage SCI will lead to unsuccessful decoding of PSSCH data. Furthermore, due to the limited randomness contained in second stage SCI (and hence, its CRC), part of first stage SCI CRC can also be used in the initialization value for PSSCH data scrambling sequence. Specifically, the initialization value is set as , where  is a constant with value equal to PSCCH scrambling sequence initialization value,  is the XOR of the 16 MSB of first stage SCI CRC and 16 LSB of second stage SCI CRC. 

Proposal 9: The scrambling sequence for data on PSSCH is a gold sequence with initialization value depending on both first stage SCI CRC and second stage SCI CRC. Specifically, , where  is a constant with value equal to PSCCH scrambling sequence initialization value,  is the XOR of 16 MSB of first stage SCI CRC and 16 LSB of second stage SCI CRC. 

Second Stage SCI Formats 
The following agreements have been made related to second stage SCI formats [4]: 

	Agreements: One SCI format (referred to as 2nd SCI format A) is defined as follows:
· This format includes Zone ID and Communication range requirement.
· This format is used when the following HARQ operations are in use
· HARQ-ACK information includes only NACK
· FFS: No HARQ feedback
Agreements: One SCI format (referred to as 2nd SCI format B) is defined as follows:
· This format does not include Zone ID or Communication range requirement.
· This format is used when the following HARQ operations are in use 
· No HARQ feedback
· HARQ-ACK information includes ACK or NACK
· FFS: how to determine M_ID in the equation for the PSFCH resource index 
· Option 1: Based on L1 ID(s)
· Option 2: An explicit indication in SCI
· FFS: HARQ-ACK information includes only NACK
Agreements: Down-select one out of the following for the indication of HARQ feedback enable/disable:
· Option 1: This indication is conveyed in the 1st SCI.
· Option 2: This indication is conveyed in the 2nd SCI.
· Option 2-1: This indication is present both in 2nd SCI format A and B.
· Option 2-2: This indication is present in 2nd SCI format B but not in 2nd SCI format A.



The field of “second stage SCI format” in first stage SCI should be 2 bits, to indicate one of two second stage SCI formats. The last two code points of this field are reserved for future use. 

Proposal 10: The size of the “second stage SCI format” field in first stage SCI is 2 bits.

The dynamic disabling of HARQ feedback is needed in order to support mixed blind and feedback based retransmissions. Hence, it is preferred the indication of HARQ feedback enable/disable is present in both second stage SCI format A and second stage SCI format B. We do not think it is necessary to indicate HARQ feedback in first stage SCI, since UEs interested in re-using other UEs’ reserved but not to be used resources due to HARQ-ACK, can decode the second stage SCI of those UEs.
 
Proposal 11: The indication of HARQ feedback enable/disable is conveyed in both second stage SCI format A and second stage SCI format B.

Another open issue related to second stage SCI format B is how to determine  in the equation for the PSFCH resource index. In our view, L1 ID(s) are not guaranteed to distinguish between unicast and groupcast HARQ option 2, because they are derived from L2 ID(s) and their lengths are smaller. Hence, we prefer the second stage SCI format B has an explicit indication of cast-type (i.e., unicast or groupcast) so that PSFCH resource index is determined subsequently. 

Proposal 12: An additional bit is included in second stage SCI format B to indicate PSFCH resource index.

It was agreed [8] that the polar coding used for PDCCH is applied to the second stage SCI. The CRC length of second stage SCI is still open. In our view, the CRC length of second stage SCI should be 24 bits, same as CRC length of PDCCH. The 24-bit CRC polynomial is designed to support the early termination functionality of polar decoding, which is important for UEs with limited processing capability and power. In sidelink, the same polar decoding early termination should be applied at receiver UE to save processing time and power. 

It was proposed by some companies to use a shorter CRC length for second stage SCI to reduce overhead. However, the payload size of second stage SCI is more than 30 bits, which is similar to fallback DCI payload size. Since a fallback DCI uses 24-bit CRC, we think the same CRC length is applicable to second stage SCI.  

Proposal 13: CRC length of second stage SCI is 24 bits.
                                                                           
Conclusion
In this contribution, we discussed the remaining details on NR V2X physical layer structure. Our proposals are as follows: 

Proposal 1: If resource pool (pre)configured PSFCH periodicity is 0 or 1 slot, then the number of PSFCH symbols () is equal to 0 or 3 symbols for sidelink TBS calculation, and the number of PSFCH symbols is not indicated in SCI. 

Proposal 2: If resource pool (pre)configured PSFCH periodicity is 2 or 4 slots, then the number of PSFCH symbols () is indicated in first stage SCI. One-bit field in first stage SCI is used to indicate two (pre)configured PSFCH symbol numbers, where the set of supported numbers is {0,1,2,3}.

Proposal 3: The calculation of reference number of PSSCH DMRS REs is based on the scheduled number of PSSCH sub-channels and a reference PSSCH DMRS time-domain locations, where the reference PSSCH DMRS time-domain locations is obtained using Table 8.4.1.2.2-1 in TS38.211, based on a reference number of PSSCH symbols  and a reference number of PSSCH DMRS symbols :
· is (pre)configured per resource pool;
·  is equal to the number of sidelink symbols in a slot (excluding GP symbol) minus the (pre)configured or indicated number of PSFCH symbols .

Proposal 4: The number of REs occupied by second stage SCI is given by , where 
· the second stage SCI payload size , target coding rate R, and the beta offset , indicated by first stage SCI, do not change among (re)transmissions;
· the number of allowed second stage SCI symbols  is equal to the reference number of PSSCH symbols .

Proposal 5: For time domain resources of a resource pool, the periodicity is 10240 ms.

Proposal 6: If the configured PRBs for resource pool is not an integer multiple of sub-channel size, then the remaining PRBs are combined with the last sub-channel, without changing the RRC configured sub-channel size, number of sub-channels, TBS determination, sidelink measurement and existing resource allocation schemes. The remaining PRBs are used to transmit additional sidelink data via rate matching. 

Proposal 7: The scrambling sequence for first stage SCI is a gold sequence with a constant initialization value.

Proposal 8: The scrambling sequence for second stage SCI is a gold sequence with initialization value depending on PSCCH CRC. Specifically, , where  is a constant with value equal to PSCCH scrambling sequence initialization value, and  is the 16 LSB of PSCCH CRC.

Proposal 9: The scrambling sequence for data on PSSCH is a gold sequence with initialization value depending on both first stage SCI CRC and second stage SCI CRC. Specifically, , where  is a constant with value equal to PSCCH scrambling sequence initialization value,  is the XOR of 16 MSB of first stage SCI CRC and 16 LSB of second stage SCI CRC. 

Proposal 10: The size of the “second stage SCI format” field in first stage SCI is 2 bits.

Proposal 11: The indication of HARQ feedback enable/disable is conveyed in both second stage SCI format A and second stage SCI format B.

Proposal 12: An additional bit is included in second stage SCI format B to indicate PSFCH resource index.

Proposal 13: CRC length of second stage SCI is 24 bits.
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